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© Displacement detecting device. 

© Disclosed is a displacement detecting device for measuring displacement or velocity of an object. The 
device is provided with a casing having an optical window, a light-emitting element and a light-receiving elemen 
incorporated in the cas.ng, a transparent plate member provided in the vicinity of the window a first optical 
function element provided on the transparent plate member and for splitting the light generated by the light- 
emitting element, into plural light beams emitted therefrom, and a second optical function element provided on 
the transparent plate member and for guiding the lights to the light-receiving element, the lights being modulated 
when the emitted light beams are irradiated onto a relatively displacing object. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 ^nJn^ PreS6 ? t i 7 en,i0n re ' ateS l ° an ° PtiCal ^Placement detecting device, such as encoder, velocity 
sensor or accelerator, sensor for measuring displacement or velocity of an object, utilizing a fact that a light 
beam d.ffrac ted or scattered by a displacing object is subjected to phase modulation co' esponding to S» 
displacement or the velocity of the object 

w Related Background Art 

dlJZZTT"' ° P i iCa ' d ' S P |acement censors for precisely determining the physical amounts such as 
nonSr , T <6Ct bV ,rradiatin9 the ° bieCt with li9ht ' for exam P ,e an °P«<»' encoder, a .aser 
marh nL Ve n°A C ' m ^ * 3 T inteferomete ^ «* ™dely utilized principally in the fields of NC working 
n^rZ h ^TT' r ° b0tS ° r like " AS conventional examples of such displacement sensors, an 
opbcal encoder ,s d.sclosed for example in the Japanese Utility Model Laid-open Application No 1-180615 
and in the Japanese Patent Laid-open Application No. 62-121314. Also a laser Doppler velocimeter is 
disclosed in the Japanese Patent Laid-open Application No. 2-262064 

For wider applications of such displacement sensors, there are desired further compactization (to the 
order o millimeters) and a h,gher precision and a higher resolution (in the order of 0.1 urn) A size n the 
order of mi.hmeters will enable the field of application to be wide, since such device can be used on smaller 
objects for example by direct adhesion thereon. 
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SUMMARY OF THE INVENTION 
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h„J h ™ ° b i eCt °l , PreS f nt inVen ' i0n iS l ° Pr ° vide an 0ptical ^placement detecting device, capable of 
IZlucTeTfaciT " " m6aSUrement wi,h accuracy ^ fixing main parts of optica, components 

,n , ( ,M. 0the H 0bieCtS ° f PreS6nt inventjon ' and the advantages thereof, will become fully apparent from the 
30 following description of the embodiments. 

BRIEF DESCRIPTION OF THE DRAWING S 

35 pSenMnven^r ^ Sh ° Win9 C ° nfi9Uration of an encoder constituting a first embodiment of the 

Fig. 2 is a perspective view showing the configuration of principal parts of the first embodiment 
f-ig. 3 is a similar view showing the configuration of a second embodiment- 
Figs. 4A to 4C are views showing the configuration of a third embodiment; 
Rgs. 5A to 5C are views showing the configuration of a fourth embodiment 
40 F.g. 6 is a perspective view showing the configuration of principal parts of the fourth embodiment 
f-«g. 7 is a similar view showing the configuration of a fifth embodiment; 
F.gs. 8A to 8C are views showing the configuration of a sixth embodiment- 
Fig. 9 is a perspective view showing the configuration of principal parts of 'the sixth embodiment 
Figs. OA to 0C are views showing the configuration of principal parts of a seventh embodiment 
p' 9 oa ? °^ d ' a9ram ° f 3 driVin9 SyStem with an encoder ' instituting an eighth embodiment 
an, nth embodfment ^ Sh ° Win9 ^ COnfigurati ° n 0f a laser D °PP |er displacement sensor constituting 
Figs. 13A to 13C are views showing the configuration of a tenth embodiment- and 
so eLlL^o^ent.' 39 ^ " " driVm9 ^ * D0PP,er diSP ' aCement ™«": C ~" 9 an 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

nnrili 6 ° P i Cal disp ' a f ment sensor in the followi "9 embodiments is provided with a casing having an 
55 optical window; a hght-emitting element and a light-receiving element incorporated in the casino- a 

ZZ7.ll T ,T mber r^ 8 ' " Vidni,y ° f the Wind ° W: 3 firSt ° ptical function el — t provided on 
ioht ZIZZ fi: e T r and fW SPliMin9 the li9ht 9enerated b * the Ii9ht-emitting element into plural 
light beams em.tted therefrom; and a second optical function element provided on the transparent plate 
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member and for guiding the tights to the light-receiving element, the lights being modulated when the 
emitted light beams are irradiated onto a relatively displacing object. 

[First embodiment] 

Figs .A ,o 1C are respectively a lateral view, a plan view and an elevation view of an 
constituting a first embodiment of the present invention, and Fig. 2 is a perspect.ve v.ew of pnncpal parts 

^Might-emitting element (semiconductor laser element) 1 for generating light has a size nn .the _order -of 
severa hund red microns. The semiconductor laser may be replaced by a .ight-em.tt.ng d.ode. The l.ght 
emiS from the light-emitting element . horizontally positioned is directed to a verfcal d.rect ,on by a 
Zr« 2 having a 45 < inclined mirror face. The mirror may also be replaced by a pnsm In the directing 
Sec on of the light, there is provided a transparent glass plate 3. Three rephca lenses 31 J. 31B.31C are 
provided on a face (inner face) of the glass plate 3. and three replica <^"^^^ A ^ 
same pitch are provided on the other face (outer face), respect.vely, opposed to the three lenses 31 A, 3 IB, 
31 C The pitch P of the diffraction gratings is selected as 1.6 urn in the present embodiment Also for the 
oumole orphotolctr^ conversion o, the received light, there are provided three light-rece.v.ng element 
4746 4C each having a size in the order of several hundred micrometers. The light-rece.v.ng element s 
exemplified by a photodiode, an avalanche photodiode. a PIN photodiode, a CCD, and a photosensor IC 
20 hlZ one oTthe'above-mentioned light-receiving e.ements_and a circuit for amplify,ng or process.ng the 
ohotocurrent obtained from such photosensor element, me ngm em.ueu <„<*.. ^ 
sem conductor laser element 1 is guided to the light-receiving element 4A *<^^*»^ 
thereof, which is ut.lized for feedback control such as APC (auto powe con trol). The 
elements 4B, 4C detect signals each having phase difference, and the lenses 31 B, 31 C are prov.ded 
stablv introduce the necessary light beams only into the small light-rece.v.ng elements 4B, 4C 

T^ThSnSng element 1 and the light-receiving elements 4A, 4B, 4C are enclosed ,n an opaque 
ceramic casino 5 and the glass plate 3 is mounted on the optical window in the upper port.on of the cas.ng 
5 toTermehcany sea the interior thereof. Between the light-emitting element and ^ '.ght-rece.v.ng 
element There 1 provided two shield plates 6 for avoiding direct mixing of the light from the hght-em.tUng 
Sment to the tight-receiving elements. The light-emitting element 1 and the .ight-rece.v.ng elements 4A 
4B 4C a^e respectively connected to electrode patterns whose each end is exposed on the outs.de o the 
casing 5 In the case that a signal processing circuit is incorporated in the cas.ng, ^ ou^ s^ o the 
circuit is output to the exposed electrode patterns. The casing 5 has a s.ze .n the order of several 

"osS^ «~ - is mounted on an ob^whto, moves 

relative to the sensor unit, and on the scale 20 formed a reflective diffract.on grat.ng 21 whose p.tch P is 1 .6 

^ ZZe%^^e^«tr» the light-emitt.ng element 1 horizontally positioned in the cas.ng of 
the sensor Ut is reflected by the mirror 2 in a vertical direction, and is converted .nto a substantaafly 
paraSl tight beam by the collating lens 31A formed on the inner face of the glass plate 3 mounted on the 
S5£ The Hght beam is transmitted diffracted by the diffraction grating 32A formed or .the pouter face o 
The g^ss plate 3, thus emerging therefrom as plural split light beams including a 0-th order d.ffracted l.ght 
p a + ict-order diffracted liqht R*i and a -ist-order diffracted light R-i. 

Among resel ght beams, the light beam R 0 passing through the diffraction grating 32A on the s ra.ght 
45 is reflectod Ind difL.ed at a point Pi on the diffraction grating 21 formed on the scale 20, and ,s sph Unto 
!Torde diffracted light Ro". and a -1st order diffracted light Ro"> to be phase modulated. 
Lpec vely Upon relt'e movement of the scale 20. the phase of the ♦ ist-order diffracted light Ro" « 
Seed by + 2„x/P while the phase of the -Ist-order diffracted light Ro- is d.splaced by -2„x/P where x 
th amount of displacement of the diffraction grating 2, while P is the pitch of the diffract.on grat.ng 2V 
50 the ° is -order diffracted light Ro" is transmitted and diffracted by the diffract.on grat.ng 32B formed 
on the surface oithe glass plated, thereby being split into light beams including a 0«vorderd,f rac ed ght 
R n -7 a -ist-order diffracted light Ro*'-, and the other light beam. The -Ist-order d.ffracted l.ght Ro -, 
eme aes pe pendtoularly to the surface of the diffraction grating and has a wave front phase of + 2«/P 
"so the " t "dt dtffracted light R 0 - is transmitted and diffracted by the diffraction grating 32C ^ formed 
„ ^!; e „i of lhe glass plate 3. thus being split into light beams including a Oth-order d.ffracted l.ght 
" R ;-"o a border diLcted light and the other light beam. The ♦ 1 st-order diffracted gm Ro ■., 

emerges perpendicularly to the surface of the diffraction grating and has a wave front phase of -2„x/P. 
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seals 20. thus being spin inlo plural light beams including a + 1 st-order diffracted lirrlrr R *" = «L T 

20 [+2*X/P] - [-27TX/P] = 477X/P 

S 01 8 c,cle ,s 9ene,a,e<l eva,v ,ime ,ne di " ,ac,ion ^ 21 - ,he «* 

[-27TX/P - 7T/2] ~ [ + 27TX/P] = -47TX/P - W2 

be obtained cXsTan^ tTT? °' ^ SCa ' e ' ^ ^ '^—^ ^mente 4B. 4C there can 

order ^fraction and Oth-order diffraction by means of three diffraction gratings (32A 2 anT 32 B o^ 
SsoTe 'an L a ^ diffraction -suiting from a variation in h > wav .ength of the 

SacZ oraTn 3 S oTSc " diffraCtio "' 50 »» emerging ang.e (G^rom Te 

d erence o he nrnl*H h "^.ned constant. Thus, the superimposing condition and the 
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condition such as temperature variation or mechanical vibration , ,s ^^ZZst^ two points 
(3 ) The mixing of fight beams on ^J^J^ l?££SZ by Zse difference formed 
(32B. 32C). Thus, the signals of ^,ed phase d, employing splitting optical systems, 
in the diffraction gratings 32B, 32C ,n advance s no fac JL ted A|S0 lhe phase difference does not 

separate ugh, pa.hs. aaerefore. il .he ugh .e»eeted o i each lac« m. r«o-ne 

smaller and thinner structure can be easily attained. element is bent by a reflecting 

thinner structure can be easily attained. Hiffrartion anale thus the diffracted 

«* * — 

Sz^ihVmi'n^tuhzation. Namely, there can be simultaneously attained the m.n.atun^o,, ... -~ 
higher precision and resolution, which are contrary to each other in plate . shap ed optica. 

(8 ? Since the device is formed by sealing ^ ^ ^J^^^^L,^. one-chip 
component, the bonding operations for the hght-em tt,ng ™™ n ^ y tjcal function compo - 

Consequently, the efficiency of assembly can be satisfactorily high. 
[Second embodiment] 

A „ encode,. consilium a second embedlmenl o, Ihe P*-"' — J" - » c^lS 
«UII, by .be modiliceuon o, ,h. lo.egoinc, lire. « m ^ ,m «*' 8 '^" F * 3 ie symbols. Since lhe 

— rissn — , sr. fsssx.^* 

therefrom. ,„„ ooc qic are formed on the glass plate. Four diffraction 

lo the present embodiment, composite lenses 31 B, 31C are orrnea on g w 

32B 2 and 32C 2 are arranged at 90 , 180 ana ttu . rw»p a „' nned as shown in Fig. 3. in order to 
c> c,e. Also. ,oe. »9h.--eee,vi ? eleaee* 4C, , e and condensed by 

signals A. B. romoonent of the periodic signal resulting from the phase 

With such configuration, the variation in DC component or n P j ncljnation in the mounting of 

of the scale is eliminated. Thus, the influe^ofdef^ * * 1 ma nu.acture) or in 
the scale, dusts on the sca.e. or uneven reflectance ,of ^ e S ^f e the wavele ngth, or mixing of 

~- - — slaw * sl9nals 

^1^— "W- e, each dlllenen, pha* ,~ ^paneled and supplied ,0 
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significant deviation of the oDtical nath tn . .1 6 al tens of m "crons results in a 

embodiment is provided with TaLsZ ™£l ? * PredSi ° n ° f de,eCtion ' Thus ' »» P^ent 
The detecting pnncip.e of the encode i "san, Z Z ^V T °' the ° P(iCa ' » 

that of the second embodiment. 1 emDod,m ent, or may be made same as 

W phot^emSs 4 4 A A 4B S^ZSLT ^ V^^ 9 *"~« 3 * - 

is adhered to an opening in the uoDerTace of ,hf 9 ' °. 3 transparent 9'ass plate .1 for hermetic seal 
frame 12. On the ^X^ZZ™ 1^3^?^^ 3 
are formed. The optical members fixed in the casino S cl t r , ,Ch ° Pt ' Cal function e,ements 

-a such as lenses and diffraction gratings foil o h ?£ o.'l'h h /"* ° PtiCa ' fUnCt '° n 8,ementS 
relationship between the fixing frame 12 and ZcJ^lt* a ? UStment of the rela «ve Positional 
screws ,3 provided in four sides of the filg rami 2" and hi It?^^ CaSi " 9 * f ' X8d ^ 
therebetween with an adhesive material Th .c 1! ab ''' ty ,S ,ncr eased by filling the gap 

precision, enabling easy ad he assemb^T"' ! mb ° diment can P™i* an encoder of a h^gh 

0 two units which are mutual^aTustabte * ^ Com P° nents °' *» encoder are formed into 

not considerab,e heat Hi9h te — ^ 

Plate, and may directly affect the de^^^T^^T d '' ffraCti ° n 0n the 9 ' aSS 

gratings show a variation in the oitch bv thLrL. encoder, since particularly the diffraction 

« 5 are separated as inde^enden ' unit "w eTeb to^nV^^ °" ^ 5 "* 9 ' ass ^ 
thermal conduction from the casing 5 to the alas I nZl ? f^ 00 ?™" 1 can considerably suppress the 
thermally insulating effect 9 P at<3 3 A ' S0, the tr ansparent glass plate 1 1 has the 

the c A r S e h of SrCSi^S^; ^eZ S the e t 0f ^ T** ^ ^ * "» ^ " 
window of the casing 5 immediately^ h ? m * ' an f arent 9'ass plate 1 for hermetic seal to the 

element and the photosenso ^^TiS^Tl^ components such as the light-emitting 

consideration of the hermeticty oZZ^™™ ^^^^T °* »* & 



[Fourth embodiment] 
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. h e ~ v:r 5 ;^ ment in which the arra wt ° f — - - 

three directions, and Fig. 6 is a p^specte o, It "-T ° f ^ PrGSent embodi ™nt seen from 
same as or equivalent to" those I the foteS Zt^LTT ^ ^ draWingS ' the c ™Ponen<s 

Light-receiving elements 4A 4R 4 rTi f embod,ments are represented by same symbols, 
-nan in the foregoing ^l^^T^ Telt ^ ^ * >* ^ 

emission to the outside and to reflect the inmm nVr h 9 the '^nt-emitting element 1 for 

receiving elements 4B, 4C. A prism ml or 10 rS h *» *° ^ 20 t0 9uide t0 the "9"'" 

light-emitting element 1 towarc^ inhZ ™ m ? n ' t0nn9 "9 ht emi «ed from the rear side of the 

scale 20 and ref.ected by the mirror ?SZSl $£^2£ZESV" "* *™ 

™~SZ^Z:^^™^ "1 pLent S ~ haS - advantage of 
and the mirrors 2, l^are relativ^ «" P««- on a substrate 

betwee" "i^T^^^ " ^ T*t °» ^ ^ are condensed 

receiving elements, for example, by se nfa ho.e^ T^TV" T ^ * in '° lhe 

since the prism mirror 10 is mounted on the linear! J P f , 'V" 6 COndensin 9 Position. Furthermore, 
intercept the ghost light in directions^ other than th^ l,9ht - receivin 9 elements, it is possible .0 

faces of the prism mirror, o^ ^Tenl^ ar.TT ^ ° f the Si9nal li9ht b * ma sking the 
is also possible to intercept the ghos^ iLT^na ^ ^ ^ 6Xamp ' e ' With 0 ™»° '« 

by coating the entrance face for the signal 25 with 1 thin 'n I ^ ^ ' hat ° f the si9na - »Qht 
angle larger than that of the s gnaT^ 

satisfactorily high S/N ratio 9 9 th6Se meanS ,nere can b o obtained signals of a 
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[Fifth embodiment] 

configuration shown in Fig. 3. is shown in rig. , k t embodiment can provide an 

M„,e* elerably. J lenses 31B. 3.C ere consumed es caws*, lenses as ,n me ease o. F,g. 3. 
[Sixth embodiment] 

'° Fig , BA to SO are views, seen , .Jj. an ^^^-jy a s.th 

and U light beams reflectively diffracted by the ^diHraction gra,n 9 ^^^^^S^ 
present embodiment, the light beam is mtroduced to the d.ffract.on "^J 21 is different from 
vertical direction, whereby the plane of the .ncdent light beams to the d.N act on jaang . 
the plane of the reflected light beams . Fo, .his purpose, t e , a nc j^^^^'gSSl element 
(for example at 55') with respect to the d,rect.on of the l.ght beam em.ttea o J Jhe „ ht 

uwiua ouui^^^ - - , A Mft , c AR 4 p Akn the mon tonnq iignt emiuyu iium 

ITn, £ Th.se e.emen,s 4*4* 4C « » • — be|ore 

light of high S/N ratio can be obtained. Also, since the l.ght bean d .ame ^ * J comp onents 

r^r i-rc; :^ u :=* r , m. « 

S3, easie, I. la .urthenrror. pceslbl. » reduce me number o, me eomponen, par,.. 
[Seventh embodiment] 

-r.=n,:r^^^ 

receiving elements 4B, 4C to obtain the same function as the sh.eld plate 16, 
45 (Eighth embodiment] 

amount or velocity of the displacement. The detect-on ^g^^^^^X*^ setting 
means 102. which sends a drive signal to the driv.ng *ear» 1M »as J ™° feedback s ys tem. 

means .03. A driving condition set by the sett.ng mean 103 can ^J^ 6 ^J^ m J ine or 
Such driving system can * «>P^ equjp . 
^^T^^™^ apparatus transportation eguipment or any other apparatus 
provided with driving means. 
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[Ninth embodiment] 
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the Si^^^V^/^ t0 enC ° derS ' the ° ptical displ — — or 
5 Figs. 12A .o 12C are Spec.S a d ' V '^ t ^ w » ^"ed in B» Wtowing. 

displacement sensor. reSpeC " Ve,y 3 lateral view ' a P' a " view and an elevation view of a Dopp.er 

A light-emitting element (semiconductor laser element) 1 has a in tho h . 
m.crons. The light emitted from the lioht-emittinn J™ 7 , V 6 0rder of several hundred 

2 having a mirror face with an angle larqerThan 45 Tr I ; Z0 .f ,,y P ° Siti ° ned iS refl6Cted b * th * minor 

'0 from the vertical direction. The ml ro may be relr-S T " * = ) '° be direCt6d in 3 direction devia <^ 
there are provided two transparen IsTp^es 7 8 wlfh Z ZT"1 " Pr ° Ceedm9 dir8Cti ° n ° f the 
on the inner face of the glass pla te 7 anS a d!fLZ 7 Z therebetween - A replica lens 35 is formed 
face of the glass plate 8. two r^ca ^cZ TZoJTa 37B T* °r ^ ^ ° n the ° Uter 
such structure, the emerging two light beams cms T» h 8 reP " C3 ' 6nS 38 3re formed ' With 

5 of a size in the order of several hundred 1/ condensin 9 point. Also, a light-receiving element 4 

Photoelectric conversion ^1 i J^^^^ P "^ V™"* ^ bea ™ and effecting 
Photodiode, a P.N photodiode a CCD anTL nho o '* e * emp,,f,ed by 3 P^'odiode, an avalanche 
for amplifying or processing 'the photocurlt ££ZT " ^ "** ^ 3 ™»« 

. s, anr:irs~^ izzit ,n an opaque ~* — 

sealing the interior thereof The lioht-emittinn IZZ ?< ^ u ° the C3S ' n9 5 ' ,hereb V hermetically 

electrode patterns w hnJ " w :„ " ' ' 6 1 1 3nd ,he Photosensor element 4 are connected to 

processing circuit is incorporated t the casino h i InT* °', "7 C3Sin9 5 ' the C3SS th3t a si 9"al 
electrode patterns. The casing being t t^L ^T^ T* °' ^ drCUit iS ° Utput t0 the e *P os ^ 
sensor unit. 9 ' 9 th6 ° rd6r ° f S8veral m ""meters in size, constitutes a very compact 

(for ^s^s^jtss sxsrr r ,n9 ob,ect of -«^-^ 

laser beams. scattering reflective surface) ,s positioned at the crossing point 22 of the 

convtrra conlergfng T" ' * ^ b V - — r 2, then 

transmitted and diffracted by Te dtff rTc"on gra^no 36 : m Z inn8r **" °' * e 9 ' 3SS P ' 3te 7 ' 3nd 

being split into a + i sl - 0 rde and To der d SES^ .STtTh °' ^ 9 ' 3SS P ' 3te 8 ' thus 

linearly proceeding Oth-order lioht of a si, i 9 A k by 3 " 3ng ' e °* by the Effraction, and a 

through the grating 36 does no contribute to ^he det', ^ ' i9ht ,inMri ' P assi "9 

diffraction grating 32A is preferably s denned that th , h T ' ^ CroSS - sectio " al shape of the 
and the Oth-order diffracted mZ^SS " ^ ' ightS beCOme stron 9 

by the" XSTjSi 3^37^ l^ta^ef" * 7^ 9 ^ 36 ™ d <»— 

incident angles * B . » c . These relations -Tp^^^ " ^ **« 23 ' "* 

sin 6 A = a/P a -j 

sin 9 B = - X /P B . sin e A r Sin 6 B = */< p A " P B ) 

p B = p J sin e B = sin e c 
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P 0 « X/(sin 0 B + sin 9 C ) 

= X/U/(P A - P B ) + */< p A ~ p C>> 
= ( p A " P B> + < P A " P C> 
= ( p A - p B>/2 

If small particles constituting the object to be detected moves in the space with a velocity v in a 
direct "roSng the interferenL fringes, the scattered light becomes bright-dark correspond^ to the 
bright-dark positions in the space, and the frequency f of the scattering is: 

f = v/P 0 

= 2*v(P A - P B ) 
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ic ioHononHpnt froin X. . 

Penned to reduce the NA the object is irradiated through small diffraction gratmgs 36, 37A 37B and he 
en 35 a eturnfng Hgh path to pick up the scattered light from the object is deviated and the hflhu. 

SSa. system such as a halt mirror for splitting the light path to obtain the Doppler signal, so that the 
number of the components of the optical system can be reduced. 

(3) Since the outgoing and returning optical paths are separated each other, the light reflected 

a es o plural opScal elements on the glass plate never enter the «f«° c ™ZTZ Lance between 

(4) Also since the outgoing and returning optical paths are separated each other, the distance be^e" 
ihe^ght^Sng element and the lens can be reduced by the use of a small m.cro.ens of a short focal 
length, thus facilitating to attain a compact and structure. rpflprtive 

be easily attained. 
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working distance, and there can be designed I I n ' ', ConSequent,y ' there can b « obtained a sufficient 
compact configuration By sic L a fine 1^*^ C ° nVen ' ent f ° r h3nd ' in9 6Ven in a thin 
condition, the incident anate T to he nhi^f P 6 d ' ffraCti ° n 9ra " n9S 37A ' 376 und <* such 
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[Tenth embodiment] 



'5 millimeters, employed in the oresen ^hnSLnt components of a size in the order of 

even a pos,.ional devia ion ^several tens o m w ^'"f" "^'V hi 9" Precision of assembly, since 
significantly d^^U^^^^Z^^^ ' ^ °' the ° PtiCa ' Paths ' thus 

an adjusting mechanism for fadSt no Zl^Jll^ ^ PreS6nt embodiment * Prided with 
~ ^ — P — - - 

J^^JSTC' 8 V nC °^ the —bars such as the light- 

function elements simTar the n th ^00^0^ J ? A 9 ' aSS P ' 3te 7 ° n WhiCh °p' cal 

the fixing frame 12. Around he fLnq frame ?2 I ??* * m ° Unted °" the ^ face of 

the optica, function element, " " ; " t " ul ' : " .! P r ° v 'Ced a fixing frame 15. A glass plate 8 on which 
2s upper face of the fixing frame TtL JS? I I 90 '" 9 embodiment are f ° r ™d. is mounted on the 
function elements such asTenses and 1^ ? C3Sin9 5 ^ be 3 ' i9ned With the °P tical 

of relative ^tk^Z^jZ ^i 7 T ^ °° ^ 9 ' aSS P ' ateS 7 ' 8 ^ the adjustment 
these components ar fi * "sere. ^mechanisms n fi><in9 15 ^ the adjustment ' 

'5, and the stability is increased b mn Z 0 ° f ° Ur Sid6S ° f the fixin 9 frames '2, 

30 embodiment can provide a hTqhh orecise n ' ?"! 30 material ' Thus ' the 

assembly, because to ^^tsTto spT d,SP ' acement sensor al '™ing easy adjustment a, the 
adjustment can be oertermed ^ ft * med ' nt ° three units betwe ^ ""ich the relative 



adjustment can be performed. 
[Eleventh embodiment] 



40 



45 



50 



55 



apparatus o an 'iCtld ng iLrZ lT^ ^ Prindp3 " y in a " ima9e ^"g 

sensor exp.ained above, moving^ 1 1 C ?J£T?Z? h" °' D ° PP ' er 

provided with a driving mechanism indud nn ^H , ° 9 She8t> iS m ° ved by drivin 9 means "2 

displacing velocity of th 00"^ is deL^ 9 r °" erS - am ° Unt of dis P la ce™nt or the 

according to the nLh o -^^Mr^ if^i "oivcortact state, by a displacement sensor ,1, 
control means 113, wh^ch sends ^Z t^toZT ^ * ^ diSplaCement ~"Sor is fed back ,0 
setting means .14. The displacing obect 10 can h « h means "* SO as ,0 at,ain a condition se, by 
such feedback system Such ddin llii ?■ T, 35 S6t by the Settin9 means 1,4 b V ^eans of 

copying machin/orTac 2S- imTge I eTsi'nVetiome !° eqUiPm6nt SUCh 35 

tion record/reproducing eq^e 1^ ^ P 35 C3mer3 ° r Vide ° ^^P^ent; informa- 

apparatus or any SST manU,3C,Urin9 8PParatUS ' tr3nSP ° d3,i ° n 

[Modifications] 

the patent ^iTsno'Tm^^^^^^^^ '° 6nC ° derS 3 " d ° 0ppl - displacement sensors, 

the s P cope and spi^of me pr«^n^ emb ° d ' men,S 3 " d iS » various modifications within 

used^sTeTa^ ^ ^ ^ «*™* 

instead be employed a metal pSaoe A so hJ nL« ? Photosensor dev,ce is employed, but there may 
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replaced in cross-sectional shape by a blazed grating or an . an jca , sensor whicn ca n 

de-ice is provided with a casing having an optica, w nd «^ h, ^7~^™cinit, of .ho window, a 
elemoni incorporated in lire casing, a Iranspa.enl plate SDlioi „ „ e ligh , generated 



Claims 

/5 1 



A displacement detecting device for detecting information relating to a displacement ot an object, 

comprising: 

a light source; 

IS^'ESS*. opfica, elenren, ,0, Ir.nslornring aoa.o.g^ivarga condition of a ligh, 

onto said object, lom/sn , anH c a id oDtical splitting element being integrally 

said light beam transform.ng optical element and said optica spun g 

mealed on the basis of detection signal of said ligh.-rece,ving element. 
2 . A device according to claim t, wherein said optica. ^J^^^S^ 

are mixed and interfered, 
receiving element. 

50 7. A device according to claim , , wherein said light beam transforming optical element comprises lens. 

8. A device according to Cairn . , wherein said optical splitting element comprises a diffraction grating. 

55 9 A device according to claim 1 . wherein said detection sys.em perform the detection in such a manner 
That sS at -east two light beams scattered by said object are mixed and interfered. 
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20 



25 



30 
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interference fight ol „ Znil ,,r,„?f ' 8 * "OW-™"*** <*»»«. and ,h„ fee „,„„ 

«ererr, c„ mb L„„„ ^5!^^ " 

po«Tn c :rr° c,aim saa " 9hi — « — —p— «— ~ „ i*^ 



14. An apparatus for driving an object, comprising: 
a light source; 
a transparent member; 



35 



bea * f S STigSSS" 8 ° Pt,Ca ' e ' ement tranS,Wmin9 — condition of a ,i ght 

in 9 z^t^ 9 ^;?^^ b - s r sformed by said ,ioht b - 

irradiated onto said object 9 mS SPllt by S3id ° p,ical s P littin 9 dement are 

provSd rs^^:r b fl^r ent ° PtiCal SP,it,in9 6lement *** ^egraliy 

from sa,d light soJ^^^T^^^JT"^ faces th *™'. light beam 

optica, system to said optS sp,lg dement member fr ° m Said ^ bea ™ ^forming 

9l ^r r: --~^^ 
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FIG. 11 
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